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Abstract 

Background: Tibet, average altitude more than 4,000 meters, is warming faster than anywhere else in China. The 
increase in temperatures may aggravate existing health problems and lead to the emergence of new risks. 
However, there are no actions being taken at present to protect population health due to limited understanding 
about the range and magnitude of health effects of climate change. 

Methods: The study was a cross-sectional survey of 619 respondents from urban Lhasa, Tibet in August 2012 with 
the aim to investigate public perceptions of risk, heat experiences, and coping resources. 

Results: Respondents are aware of the warming that has occurred in Lhasa in recent years. Over 78% reported that 
rising temperature is either a "very" or "somewhat" serious threat to their own health, and nearly 40% reported they 
had experienced heat-related symptoms. Sex, age, education and income influenced perceived risks, health status, 
and heat experience. The vast majority of respondents reported that they had altered their behaviour on hot 
summer days. Bakuo, a sub-district at the city center, is considered especially vulnerable to heat because of sparse 
vegetation, high population density, poor dwelling conditions and a high proportion of low-income population. 
However, neighborhood social ties were stronger in Bakuo than other study locations. 

Conclusions: The study suggests that actions are needed now to minimize downside effects of rapid warming in 
Tibet, because of increasing human exposure to high temperatures and uneven distribution of the resources 
needed to cope. 

Keywords: Climate change, Global warming, Perceptions, Human health, Tibet, Vulnerability 



Background 

Heat is a threat to human health in many parts of the 
world [1,2]. The Fourth Assessment Report of the Inter- 
governmental Panel on Climate Change (IPCC) points 
out that climate change is already exacerbating the glo- 
bal burden of disease and premature deaths and the im- 
pact of high temperatures is expected to increase in the 
future [3]. A large amount of research has investigated 
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the effects of heat on public health and vulnerability to 
heat [4]. Most of these studies were conducted in devel- 
oped countries and less information is available from de- 
veloping countries though these are considered to be most 
vulnerable to climate change and climate variability. 

Tibet of China, lying at an average altitude of more 
than 4,000 meters, covers more than 1,228,400 square 
kilometers, and accounts for one eighth of Chinas total 
land mass. It has been called "the third pole of the 
world" and "the Asian water tower" [5]. In recent years, 
Tibet has faced a number of environmental challenges, 
including changes in the climate [5-7]. Average tempera- 
tures in Tibet have been rising 0.32°C every decade since 
the 1960s, four times faster than elsewhere in China and 
twice the global average increase [8]. Winter tempera- 
tures in Tibet have been increasing at a faster rate than 
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any other inland areas of China, between 0.29°C ~ L04°C 
every decade [9]. Indeed, the Tibetan plateau, a region 
which contributes minimal carbon dioxide emissions, is 
likely to be one of the areas most sensitive to global 
warming [8]. Changes are evident in the capital city, 
Lhasa. In 2009, on the hottest summer day, the max- 
imum temperature in Lhasa reached 30.4°C. Before this, 
the highest record was 29.9°C in 1971. An enhanced 
urban heat island effect has been observed in Lhasa, 
especially in winter [10]. If warming continues it is 
projected that Tibetans and millions of people in 
western China will be exposed to more frequent severe 
weather events [8]. 

Previous research has suggested that an individuals 
perceived risk is closely related to daily mitigating ac- 
tions and adaptive behaviour changes [11]. However, 
despite the increase of epidemiological studies of heat 
and health, little work has been done on how the public 
perceives heat [11-15], particularly in developing regions. 
To our knowledge, no research to date has been 
conducted in Tibet to examine public views of the 
health impacts of rising temperatures. The goal of the 
study was to explore public perceptions, experiences of 
heat-related symptoms and behaviour changes in four 
urban sub-districts in Lhasa. The study also evaluated 
coping resources in the four study locations, based on 
dwelling conditions, the prevalence of home air condi- 
tioning and relationships with neighbours. 

Methods 

Settings 

The data presented in this paper were obtained by ques- 
tionnaire surveys from 16 through 19 August, 2012 
across the urban area of Chengguan district, which is 



the one and only municipal district of Lhasa City. We 
selected purposely four of six urban sub-districts 
(Gongdelin, Gamagongsang, Zhaxi and Bakuo) (Figure 1) 
in Chengguan district to ensure good geographical 
coverage of urban Lhasa and obtain data that best 
present the diverse demographic and socio-economic 
characteristics of local urban population. The four sub- 
districts (Table 1) are composed of 20 communities and 
the socio-demographic pattern of communities within 
the same sub-districts are similar. The survey was car- 
ried out in the 20 Community Committees, which are 
normally located at the geographic centers of the com- 
munities and are well known among local residents. 

Bakuo is in the business center of the urban core and 
is often called the "old town". One of the most famous 
temples in Tibet, Dazhao Temple is located in this sub- 
district and surrounded by many business shops, restau- 
rants, hostels and residential buildings. It is the most 
popular, noisy and crowded place in urban Lhasa. Resi- 
dents tend to have low educational level, low income, 
small living spaces and poor dwelling conditions. As 
seen from the aerial photograph of Bakuo (Figure 2), 
there is a circular street around Dazhao Temple which is 
frequently crowded with local Buddhists and tourists. 
The surrounding tube-shaped buildings are mainly resi- 
dential apartments and hostels, but the first floors of 
these buildings contain shops and restaurants. There is 
very little open or green public space within the sub- 
district. Gongdelin is approximately 3 km from Bakuo 
and on the north borders the "Lalu Wetland", known as 
the "Lung of Lhasa" for its significant role in providing 
oxygen and cleaning air in Lhasa. This is the highest nat- 
ural wetland in the world, covering 12.2 square kilome- 
ters. In addition, a large green park near the Potala 



©Sub-districts 




Figure 1 The four urban sub-districts into this research. The numbers in parentheses represent the sample sizes for the survey work. 



Bai et al. Environmental Health 2013, 12:71 
http://www.ehjournal.net/content/1 2/1/71 



Page 3 of 1 1 



Table 1 Population density of four study locations 



provided by Sub-district Offices. 





Gongdelin 


Gamagongsang 


Zhaxi 


Bakuo 


Total population* 


31492 


26165 


44775 


24650 


Area (km 2 ) 


4.1 


3.2 


6.0 


2.7 


Population/km 2 


7757 


8177 


7462 


9129 



* Total population comprises of both resident population and mobile 
population. 



Palace within this sub-district provides an attractive 
shaded area in summer. Residents used to live on yak 
herding at Lalu Wetland, but now mainly earn money 
from renting houses and running inns because yak 
herding is forbidden in order to protect the wetland. 
Residents are relatively wealthy and mainly live in self- 
built single family houses with small yards. Zhaxi and 
Gamagongsang are sub-districts with limited infrastruc- 
ture such as drainage system, roads and fire escape. Most 
residents do not have a toilet at home and neither of the 
two sub-districts has a park. Compared to Zhaxi, there is 
more open and green public space in Gamagongsang, 

Data collection and analysis 

To measure perceptions of climatic warming and re- 
sponses among the urban population in Lhasa, we devel- 
oped a questionnaire based on previous studies of 
climate change and human health risks [11-15]. In order 
to localize the survey and make it culturally acceptable, 
the questionnaire was developed in consultation with 
public health officials of Tibet CDC (Center for Disease 
Control and Prevention). All questions in the survey 
were close-ended questions using different Likert-type 
items or other categorial items such as "Yes", "No", 
"Don't know" or "Don't remember". 



Section 'A' asked several questions about heat percep- 
tions including whether the weather in Lhasa is getting 
warm and will become warmer in future, how large a 
health risk due to climatic warming was perceived to be, 
for human beings in general and for themselves, which 
natural disasters were biggest threat to themselves and 
how dangerous future warming was perceived. Previous 
epidemiologic studies have linked heat-related illness to 
chronic conditions, particularly pre-existing cardiovascu- 
lar and respiratory illness. Section 'B' asked questions on 
health status of the respondents and experiences of heat. 
A question was included on what types of information 
would be helpful to cope with heat-related illness. Sec- 
tion 'C included questions on how people modify their 
behavior on hot days, and this was followed by a series 
of questions regarding economic and social resources for 
dealing with heat covering dwelling quality, air condi- 
tioning and/or a fan at home, and neighborhood social 
ties, as reported in a previous heat vulnerability study 
[16]. The final section 'E' sought socio-demographic in- 
formation from the respondent. 

We pre-tested the instrument to ensure all questions 
were clear and understandable. More than forty field 
interviewers (including our research team members, 
local public health staff and staff working with sub- 
district offices and community committees) were then 
trained by the first author and corresponding author. All 
local interviewees were able to speak both Mandarin 
and Tibetan. Training lasted five hours and included 
an item-by-item review of the questionnaire, survey 
methods, communication skills and social and cultural 
sensitivity. Interviewees practised the survey scripts with 
a paired partner. The first author and corresponding 
author reviewed each interviewee s survey, pointed out 
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inappropriate methods, manners and choice of words, 
and inspected the quality of each survey script. 

Surveys were administered to residents older than 
18 years who lived in the four urban sub-districts all year 
around. After consulting with local Community Com- 
mittees, we realized that it was not possible to recruit 
participants by random sampling due to local cultural 
sensitivities. Also, the study was carried out during day- 
light hours because it is not culturally acceptable by 
Tibetans residents to conduct interviews at other times. 
Three days before the surveys started, the staff of each 
Community Committee informed all residents living in 
the community about the purpose, period and location 
of the survey and encouraged them to participate. Those 
who agreed to be interviewed then came to the Commu- 
nity Committee to complete the survey during the study 
period. 

In order to avoid possible bias, we developed face-to- 
face questionnaire surveys which were filled out by 
trained interviewees after asking questions one by one. 
In order to improve representativeness, the age ratio of 
the Sixth Census of Lhasa in 2010 was used as the refer- 
ence in selecting the number in each age group. We 
obtained ethical approval from the Ethical Review Com- 
mittee of Chinese Center for Disease Control and Pre- 
vention (No. 201214). Written informed content was 
obtained from all participants prior to survey and all 
data obtained were anonymized. The data were analyzed 
by EpiData 3.1 and SPSS 18.0. A x2 test was used to cal- 
culate the difference between groups. A stepwise multi- 
variate regression was also applied to examine variables 
which were significantly associated with having had a 
heat-related illness in this summer. 

Results 

Demographic information 

Six hundred and nineteen completed questionnaires 
(377 female, 242 male) were collected (Table 2). The 
high proportion of female respondents is attributed to 
the fact that the majority of males go out for work in the 
daytime, while females tend to stay home. In addition, 
females may be more likely to participate and complete 
the surveys. The age distribution of respondents is simi- 
lar to that of all adults in the 2010 Census. Ethnically, 
97.6% of the sample were Tibetan, which is higher than 
the proportion in the overall population (88.0%). Han 
Chinese and other ethnic groups in Lhasa are mostly 
young immigrants from other parts of China who have 
come to Tibet for jobs and thus may be less available to 
participate in surveys during daytime. In terms of educa- 
tion, 24.2% of respondents were illiterate and the majority 
of this group was in older age groups. Monthly income of 
participants varied across the four sub-districts. Low- 
income respondents (<1000 Yuan per month), who mostly 



Table 2 Demographic characteristics of respondents 

Total(N = 619) 



n % 



Sex 


Female 


377 


60.9 




Male 


242 


39.1 


Age (yr) 


18-29 


93 


15.0 




30-41 


160 


25.9 




42-53 


150 


24.3 




54-65 


126 


20.4 




>65 


89 


14.4 


Ethnic 


Tibetan 


604 


97.6 




Han Chinese 


11 


1.8 




Others 


4 


0.6 


Education 


Illiteracy 


150 


24.2 




Primary school 


216 


34.9 




High school 


204 


33.0 




College and above 


49 


7.9 


Monthly income (RMB) 


<1000 


261 


42.2 




1000-2000 


168 


27.1 




2000-3000 


78 


12.6 




3000-4000 


39 


6.3 




4000-5000 


21 


3.4 




>5000 


24 


3.9 




Don't want to say 


28 


4.5 


Living alone 


Yes 


58 


9.4 




No 


561 


90.6 



lived on Basic Living Allowances from local government 
or in temporary jobs, accounted for 60.1% of the sample 
in Bakuo, 45.2% in Gamagongsang, 35.9% in Gongdelin 
and 24.3% in Zhaxi. Only 58 respondents indicated that 
they lived alone at present, and of this number, only 10 
were aged 65 and above. 

Perceived risk 

The overwhelming majority of respondents reported cli- 
matic warming in Lhasa is already happening and poses 
a threat to public health (Figure 3). Over 90 percent 
reported the summer is very hot and oppressive to them 
and believed that Lhasa has experienced rising tempera- 
tures in the past few decades. Approximately 65 percent 
believed the climate of Lhasa would become unbearably 
warmer in the near future. We found widespread agree- 
ment (92% of participants) that rising temperatures im- 
pact directly or indirectly on human health. Moreover, 
78% believe that the rising temperature is either a "very" 
or "somewhat" serious threat to their own health or daily 
lives, while only 3% perceived they were not sensitive 
to temperature increase. The responses are similar 
across four sub-districts, but varied among different 
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Has the summer been too hot for you 
this year? 

Do you feel the temperature increases 
in Lhasa? 

Do you think the temperature will con 
tinue to increase in future? 

Do you think excessive heat can be a 
threat of human health? 



E 



0°o 



20% 



40% 



60% 



80% 



I Yes BNo ^Don tknow 



100% 



Figure 3 Responses to several survey questions regarding perceived risks of the climactic warming in Lhasa. 



demographic groups of the sample. Females and older 
respondents were more likely to report that higher tem- 
peratures were dangerous. Interestingly, over 40% of 
high-income respondents (monthly income >5000 yuan) 
felt the heat was very dangerous to them, while only 
18% of low-income people (monthly income <1000 
yuan) gave the same answer. 

To the question "how worried would you be if you 
hear about an excessive heat warning issue in Lhasa in 
the near future?" 23% reported that they would be very 
worried, and 61% reported they would be somewhat 
worried. Only 3% would be not worried at all. Not sur- 
prisingly, those who felt the temperature increase was 
very dangerous to them were more likely to report that 
they would be very worried about future heat warnings 
than those who did not believe they were in danger (47% 
vs. 5%). Respondents in Bakuo sub-district were slightly 
more likely than those in the other three sub-districts to 
report that they were Very or somewhat' worried about 
a heat warning in Lhasa. Lastly, participants were pro- 
vided with several health-related risks and asked to se- 
lect the biggest threat to them. Although the results 
indicated a wide recognition of climatic warming as a 
risk to human health among respondents, few of them 
(5%) believed extreme heat was the biggest threat of all. 
Over half reported that they were most fearful of natural 
disasters such as earthquakes. Air pollution, fires and 
traffic accidents were named by 17%, 14% and 8% re- 
spectively. Once again, the response varied among differ- 
ent income groups. The overwhelming majority of low 
income respondents were more likely to report that the 
natural disasters were the biggest threat, while those 
with relatively high incomes tended to select other risks 
apart from the natural disasters. 

Health status and heat-related condition 

Respondents were asked about their health status, his- 
tory of chronic illness and health-risk behaviors. Overall, 
62% reported that they were 'healthy and 32.3% felt their 
health status were so so', and the rest of them (5.7%) 



considered themselves having bad health. Thirty six per 
cent of the sample reported they were affected by 
chronic diseases. This group was more likely to report 
their health status was fair or bad and to perceive that 
heat was dangerous to them. Results differed across four 
sub-districts (p = 0.011), with the sample from Zhaxi 
(39.9%) reporting more pre-existing medical conditions 
than from others (Gongdelin 28.6%, Gamagongsang 29.8% 
and Bakuo 36.3%), mainly due to the higher proportion of 
elderly respondents in that sub-district. Chronic condi- 
tions included high blood pressure (47%), cardiovascular 
diseases (32%), respiratory diseases (18%), diabetes (3%) 
and cancer (1%). Moreover, 58.3% reported that they had 
been admitted to a hospital or taken to the emergency 
room because of the illness. Only 2.4% reported they 
drank liquor every day, and 15.7% smoked daily. 

Participants were asked directly whether they experi- 
enced any heat-related symptoms (including dizziness, 
tiredness, irritability, thirst, loss of appetite, headaches, 
nausea, vomiting, muscle weakness) during this summer, 
and 39.6% reported they experienced at least one of 
these symptoms. Older respondents, those with self- 
reported poor health, those with chronic diseases and 
those living alone were more likely to report they had 
been sick or physically uncomfortable because of the 
heat (Figures 4 and 5). Respondents in the 42-53 
(27.5%) and 54-65 (23.8%) age groups reported higher 
rates of sickness (p = 0.047) than those 65 and older 
(15.6%). However, in a multivariate regression analysis, 
we found the only factor significantly associated with 
having had a heat-related illness was a history of chronic 
disease (Table 3). Among those with chronic conditions, 
63% indicated that their symptoms had been aggravated 
because of the heat during this summer. 

When participants were asked about the type of cli- 
mate change and health information they may want to 
receive, most participants (72.5%) wanted to know about 
heat-related symptoms and illnesses, followed by 62.5% 
who wanted to know how to reduce the risks of heat- 
related illness, 56.4% who wanted to know what to do if 



Bai et al. Environmental Health 2013, 12:71 
http://www.ehjournal.net/content/1 2/1/71 



Page 6 of 1 1 



70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 



i ■ 1 



Yes 



No 

Heat- related llness 



Don't remember 



I Chronic disease ■ .Absence of chronic disease 



Figure 4 Heat-related illness by chronic conditions. 



you or others have any symptoms and 36.8% who 
wanted to know how does temperature increase affect 
human health. Very few respondents (1.3%) reported 
that they did not want to receive any information. 



Behaviour change 

The great majority of respondents (93.9%) reported that 
they had altered their behaviour on hot summer days. The 
percentage varied significantly (p = 0.027) across the four 
study sub-districts, ranging from 89% in Gamagongsang 
to 97% in Gongdelin. Of those that modified their behav- 
iour, the most common measures cited were drinking 
more fluids, wearing light clothing and simply staying 
indoors and avoiding the sun (Figure 6). The responses 
varied somewhat among different demographic groups. 
Low-income persons were slightly more likely than high 
income respondents to drink more fluids, possibly 
explained by the prevalence of physical labour and out- 
door activities among poor people. Young and middle 
aged respondents were more likely than the elderly to re- 
port they changed into light clothes on hot days (The 
older generation in Lhasa tends to maintain the traditional 
clothing habits of Tibetan long robes). Women and the 
elderly were more likely than the young to stay indoors. 
Other means cited by the respondents included getting 
out of town to a cooler place, going swimming, using an 
air-conditioner at home or seeking an air-conditioned 
location but few (3.6%) indicated they took traditional 
medicine to prevent heat-related illness. 



Of those that responded that they did nothing in par- 
ticular (6.1%) on excessively hot days, reasons included 
"the heat does not affect me" (n = 29), "don't know what 
to do" (n = 10), "too much troubles" (n = 6) and "finan- 
cial considerations" (n = 2). Behavior changes among 
participants on days when it was hot were associated 
with their perceived risk. Those who felt the rising 
temperature was not dangerous to them at all were more 
likely not to modify their behavior on hot days. Similarly, 
few persons who would be not at all worried about the 
heat warnings changed their behavior. 

Coping resources 

Information was collected on dwelling conditions, using 
an air-conditioner/fan at home and social ties in the 
neighborhood (Table 4). In Bakuo, there are fewer self- 
built single family homes, and more old dwellings (built 
before 1980), multi-storied buildings with small rooms, 
and public rental apartments for low income individuals 
or households. We found an association between the 
dwelling conditions and heat-related illness, which was 
reported more commonly by respondents who live in 
apartments built before 1990 (47.1%, p = 0.016). Resi- 
dents in Bakuo may be at higher risk of heat-related 
illness due to relatively poor living conditions and con- 
fined living spaces. 

As expected, cooling devices are not common in 
Lhasa: only 8.7% of participants had air-conditioning at 
home, 18.1% reported they had a fan and about 6% had 
both. The percentage of home air conditioning ranged 
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Figure 5 Heat-related illness by age groups. 
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Table 3 Stepwise multivariate regression 



Model 


Unstandardized Coefficients 
B Std. Error 


Standardized Coefficients 
Beta 


t 


Sig 


1 (Constant) 


1.324 


0.083 




15.863 


0.000 


Having chronic diseases 


0.210 


0.049 


0.170 


4.285 


0.000 



Dep. Var. = Having had a heat-related illness in this summer. 



from 4.8% (Bakuo) to 123% (Gamagongsang). There 
were significant differences between income segments of 
the sample (p < 0.05), with a higher rate of air condition- 
ing at homes of the upper income respondents (>4000 
yuan/month, 13.5%). Among those not having home air 
conditioning, we asked whether they plan to install such 
a unit. Only one third reported that they might do so, if 
the temperature continues to rise in the future. Al- 
though air conditioning and other cooling devices are 
generally considered as having a strong protective effect 
during excessively hot days, we did not find an associ- 
ation between heat-related illness and the presence of air 
conditioning (p = 0.651) or a fan (p = 0.067) in ones 
home (possibly because those who had air conditioners 
installed seldom turned them on) (Table 5). 

Strong community networks were evident in this study 
(Figure 7). The majority of respondents reported that 
they not only know their neighbors very well, but they 
often visited and helped each other. Moreover, nearly 
half of the respondents indicated that they would ini- 
tially ask for help from their neighbors if an emergency 
occurred. Once again, a significant difference (p < 0.05) 
were observed, with even stronger neighborhood social 
ties in Bakuo than the other three locations (Figure 7). 
As expected, responses also varied across populations 
with different demographic and living characteristics. 
For example, the lowest percentage of seeking help from 
neighbors for an emergency was observed among those 
who have a college degree (31.5%, p = 0.001). Those 



living in private rental dwellings reported less contact with 
their neighbors. Therefore, though strong social ties are 
seen in Lhasa, particularly in Bakuo, there still some 
groups of the population that are less engaged, such as 
those with higher socio-economic status and the relatively 
mobile population (mostly Han Chinese and other non- 
Tibetan minorities) living in private rental dwellings. 

Discussion 

This study is the first in Tibet to investigate public percep- 
tions, experience, behaviour and coping resources regard- 
ing high temperatures and future climate change. The 
findings will inform subsequent quantitative studies in- 
cluding a map-based human health risk assessment and 
management plan. Overall, we found widespread aware- 
ness in the local population of rising temperatures and 
their effects on health. Some segments of the population 
are likely to be at greater risk due to environmental differ- 
ences, demographic factors and limited coping resources. 

Previous studies of this kind have been undertaken 
mainly in developed countries including the USA 
[11,12,15,17,18], Australia [19,20], and Canada [12,13]. 
Such studies can provide important information to pol- 
icy makers and assist in developing and promoting prac- 
tical adaptation measures. Our study has added a 
valuable dimension to the existing literature as little has 
been written previously about perceptions in relation to 
climate change in developing countries [14,21]. In 
many developed country studies there are high levels of 
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Figure 6 Options taken by respondents who reported they altered their behaviour in hot days. 
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Table 4 Dwelling conditions of four sub-districts [%(n)] 







Gongdelin 
(n = 156) 


Gamagongsang 
(n = 155) 


Zhaxi 
(n = 140) 


Bakuo 
(n = 168) 


Total 

(N = 619) 


Construction date 


Before 1980 


2.6 (4) 


2.6 (4) 


4.3 (6) 


1 1 .9 (20) 


5.5 (34) 




1980-1989 


15.4 (24) 


11.6 (18) 


38.6 (54) 


1 1 .9 (20) 


18.7 (116) 




1990-1999 


39.7 (62) 


29.1 (45) 


20.7 (29) 


28.6 (48) 


29.7 (184) 




2000 and after 


28.8 (45) 


38.2 (59) 


19.3 (27) 


36.3 (61) 


31.0 (192) 




Don't know 


13.5 (21) 


18.7 (29) 


17.1 (24) 


11.3 (19) 


15.0 (93) 


Structure type 


Single family House 


42.4 (66) 


34.2 (53) 


35.7 (50) 


3.6 (6) 


28.6 (177) 




Apartment 


39.7 (62) 


46.4 (72) 


52.9 (74) 


89.3 (150) 


57.4 (355) 




Bungalow 


1 7.9 (28) 


19.4 (31) 


11.4 (16) 


7.1 (12) 


14.0 (87) 


Dwelling type 


Self-build 


44.2 (69) 


34.8 (54) 


27.1 (38) 


1.2 (2) 


26.3 (163) 




Purchase 


23.7 (37) 


36.8 (57) 


60.0 (84) 


33.3 (56) 


37.8 (234) 




Public rental housing 


21.2 (33) 


13.6 (21) 


5.7 (8) 


61.9 (104) 


26.9 (166) 




Private rental 


10.9 (17) 


14.8 (23) 


7.2 (10) 


3.6 (6) 


9.0 (56) 


Mi imhpr nf rnnm 


One 


4S (7) 




S 7 (8) 

J.I \OJ 




9.0 (56) 




Two 


24.4 (38) 


11.0 (17) 


20.0 (28) 


58.3 (98) 


29.2 (181) 




Three 


26.9 (42) 


23.8 (37) 


27.9 (39) 


20.8 (35) 


24.7 (153) 




Four and more 


44.2 (69) 


51.0 (79) 


46.4 (65) 


9.5 (16) 


37.0 (229) 


Air-conditioner in home 


Yes 


10.3 (16) 


12.3 (19) 


7.9 (11) 


4.8 (8) 


8.7 (54) 




No 


89.7 (140) 


87.7 (136) 


92.1 (129) 


95.2 (160) 


91.3 (565) 


Fan in home 


Yes 


13.5 (21) 


19.4 (30) 


18.6 (26) 


20.8 (35) 


18.1 (112) 




No 


86.5 (135) 


80.6 (125) 


81.4 (114) 


79.2 (133) 


81.9 (507) 



knowledge and awareness about climate change [13] and 
heat warnings [11,15]. In Tibet, despite the lack of a heat 
plan or any educational program, we found that survey 
respondents were well aware of the rise in temperatures 
that has occurred and the effects this might have on 
health. This is consistent with another study conducted 
in Bangladesh, a developing country which has been 
identified as one of the most vulnerable to climate 
change [14]. In Bangladesh there was widespread aware- 
ness of global warming among respondents who were 
mostly rural people with little formal education. We sur- 
mise that people in low-income settings may be more 
likely to regard themself as vulnerable to heat than those 
in developed countries who live in more comfortable 



circumstances, are protected by advanced public health 
infrastructure and are informed via pervasive media 
coverage. If this is indeed the case, then there is both a 
need and an opportunity to introduce community-based 
heat adaption program in regions such as Tibet. 

In our study, age and health status were found to be 
good indicators of perceived risk to heat. Older respon- 
dents, along with people with pre-existing chronic dis- 
eases saw themselves at greater risk from heat. Those 
with high incomes were also more likely to consider 
themselves to be sensitive to the heat, although it is low 
income groups who in fact are likely to be more vulner- 
able because of limited coping resources and access to 
information [16]. However, perception of risk does not 



Table 5 Heat-related illness and availability of air conditioning and fan at home 



Has had heat-related illness during this summer (row percentage) 

Total 

Yes No Don't remember 





Yes 


24 (44.2) 


26 (48.1) 


4 (7.4) 


54 (100.0) 


AC at home 


No 


220 (38.9) 


309 (4.7) 


36 (6.4) 


565 (100.0) 




Total 


244 


335 


40 


619 




Yes 


55 (49.1) 


50 (44.6) 


7 (6.3) 


112 (100.0) 


Fan at home 


No 


189 (37.3) 


285 (56.8) 


33 (6.5) 


507 (100.0) 




Total 


244 


335 


40 


619 
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Figure 7 Responses to four questions of measuring social ties among sub-districts. 



mean that rising temperatures are the issue that most 
concerns people. Earthquakes were named as the biggest 
threat by most respondents which is understandable 
given local circumstances. In Chinas recent history 
earthquakes have killed hundreds of thousands of 
people, and these tragedies have made a big impact on 
the Chinese population. On the other hand, in Phoenix, 
already one of the hottest cities in the US, over half of 
respondents treated increasing heat as the biggest threat, 
and fewer than 10% of them named earthquakes [11]. 

Previous papers addressing the effects of heat on 
health have concentrated on persons aged 65 years and 
over [22,23], and other age-groups have received much 
less attention. Our findings suggest that middle aged 
persons in Lhasa may be significantly affected the high 
temperatures: self-reported heat-related illness was most 
common in persons aged 42-65. There may be two rea- 
sons: this is an age group commonly affected by chronic 
medical conditions particularly cardiovascular diseases; 
and, unlike the elderly, most middle age people are still 
at work and thus may be exposed to more outdoor heat. 
Our finding is consistent with a model-based quantita- 
tive study which reported a marked effect of heat on 
mortality among person aged 45-64 [24]. The finding 
that people with chronic diseases reported a higher inci- 
dence of heat-related illness than those who do not have 
chronic medical conditions is in agreement with results 
from a recent Canadian survey [13]. Over 60% of re- 
spondents in our survey with chronic conditions felt 
their symptoms had been worsened because of the heat. 
In Tibet, there are unique environmental factors such as 
extreme altitude and low oxygen pressure that create 
special challenges to the health of local people. Chronic 
mountain sickness (CMS) is common, and is marked by 
hypoxia, high red cell count, and associated heart dis- 
eases [25-27], all of which reduce heat tolerance and 
make Tibetan people even more vulnerable to the rising 
temperatures forecast under climate change. 



A most surprising result in this study is that the vast 
majority of respondents reported modifying their behav- 
iour because of high summer temperatures. This is to- 
tally contrary to a previous study in North America 
suggesting that few people altered their behaviour during 
heat events, even if a heat warning or a heat advisory 
was issued [15]. We further observed that the wide- 
spread behaviour changes may exist on a common sense 
basis since measures most cited by respondents to deal 
with the heat are drinking more fluids, along with wear- 
ing light clothing and staying indoors. These measures 
are more convenient, easier and somewhat cheaper than 
moving out of town to a cooler place, going swimming, 
using a home air-conditioner or seeking an air-condi- 
tioned location. It is important in developing regions 
such as Tibet to take into account cost, convenience, ac- 
cessibility to adaptive facilities, and the common behav- 
iours of local people when developing and implementing 
education programs. Finding out about these enabling 
factors may require in-depth field studies. Moreover, 
given the demographic differences in behaviour that 
showed up in our survey, it is equally important to de- 
velop specific coping instructions in relation to those at 
most risks to heat including babies, the elderly, outdoor 
workers, and people with medical conditions. As 
expected, a correlation between behaviour changes and 
perceived risk is observed in our study, and this has 
been identified by previous research as well [11]. Those 
who reported not modifying their behaviour on hot days 
were prone to perceive themselves as immune to the 
heat and have low or no sense of worry about rising 
temperatures in Lhasa. 

Populations living in urban areas where temperatures 
tend to be higher than in suburban and rural locations 
are at greater risk of heat stress. Lack of adequate social 
and material resources further adds to their vulnerabil- 
ity. Harlan et al. [16] evaluated residents' vulnerability 
to thermal environments of urban neighborhoods by 
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analyzing the relationships between outdoor human 
thermal comfort index (HTCI), population characteris- 
tics and coping resources. They reported that neighbor- 
hoods with high population density, sparse vegetation 
and no open space were exposed to more extreme tem- 
peratures. Moreover, local residents, particularly low 
socio-economic groups, in those warmer neighborhoods, 
are more vulnerable due to limited resources. In order 
to understand whether or not people living in urban 
sub-districts in Lhasa face the same issues, we looked 
for inequalities in resources across our four study loca- 
tions. Bakuo, located at the urban core, which is the 
most densely populated, crowded and noisy sub-district 
with few green and open spaces is expected to be the 
hottest area in Lhasa. Bakuo may also be most vulner- 
able because of the higher proportions of poor people 
and old dwellings with poor ventilation, small living 
spaces and low comfort level. The prevalence of home 
air conditioning is low in urban Lhasa, and lowest of all 
in Bakuo. We note that air conditioning at home was 
not found to be a strong protector against heat-related 
illness in our survey, and this is consistent with at least 
one previous study [13]. 

However, the strongest neighborhood social ties were 
seen in Bakuo sub-district. The great majority of respon- 
dents reported having a close relationship with their 
neighbors. Other studies in developed countries found 
that people on a low income suffer from poorer health 
than richer groups in a society because of either material 
poverty or a lack of social relationships and support 
[28-30], while our results indicated the neighbour bond- 
ing was weakest in those upper-income people. A pos- 
sible explanation is that relatively well-off people are 
prone to isolate themselves from others in their neigh- 
borhood and make their social connections with people 
of similar socio-economic status in other parts of the 
city, or further afield. Importantly, Perry and Lindell [31] 
note that opinions based on personal experience of nat- 
ural disaster tend to be enhanced through neighbors, 
friends and strong social networks. The strong neigh- 
bour ties that we observed in all sub-districts in Lhasa 
probably serve to promote information exchange and 
may be one explanation for the widespread perception 
of risk due to heat and the high level of reported behav- 
iour changes. Again, for developing regions including 
Tibet, this indicates a heat adaptation program may be 
most effective in communities where people have a 
sense of competence and good neighbor bonding. 

Apart from close relationships among neighbors, 
strong family connections were also observed in Lhasa. 
Social isolation or living alone, which is identified as a 
high risk factor in heat events [23], is not common in 
Tibet. Most of the households in this study included 
two or three generations, with an average size of four 



persons. Unlike other Chinese inland cities with a rapid 
increasing number of elderly persons living alone, old 
people in Lhasa normally live with their children and help 
to look after grandchildren. However, the small proportion 
(9.4%) of single person households in this study may be an 
under-estimate, since older people with chronic disease or 
other conditions that restrict their mobility are less likely 
to come out and participate in surveys. A more in-depth 
understanding of local circumstances and vulnerable pop- 
ulations is most important for developing practical adap- 
tive measures and prioritizing actions. 

Several limitations of the study should be noted. The 
study was conducted on a convenience basis due to local 
factors that prevented strictly random sampling. Older in- 
dividuals and other subjects at high risk may be underrep- 
resented in our sample. The study was only conducted 
within four urban sub-districts in Lhasa, so caution should 
be applied in generalizing the results to other parts of 
Tibet, particularly rural and remote areas. Additionally, as 
with all studies of this kind, the answers may be affected 
by a social desirability bias, meaning that participants are 
prone to report what they think to be the socially accepted 
answers, not necessarily their real perceptions. 

Conclusions 

We recommend either a regional plan or targeted pro- 
grams to address public health implications of heat or 
other climate extremes in Tibet, China. Our study sug- 
gests that actions are needed now to minimize the 
downside effects of rapid warming in Tibet, especially in 
urban areas, because of increasing human exposure to 
summer higher temperatures and uneven distribution of 
the resources needed to cope. There are important op- 
portunities for local governments act on risks from heat. 
Firstly, the high levels of perceived risk show that the 
population believes temperatures are rising and are likely 
to affect livelihoods and health. This is a firm basis for 
public health surveillance to monitor heat-related condi- 
tions, paying particular attention to vulnerable groups, 
so that targeted interventions can be appropriately initi- 
ated and prioritized. Other steps to reduce heat stress 
include upgrading infrastructure in communities, im- 
proving the quality of existing old dwellings and increas- 
ing public green spaces and parks. Lastly, it is a positive 
sign that the majority of respondents reported that they 
wanted to obtain more information on heat and health. 
This indicates an opportunity for education programs to 
provide practical tips and information to better prepare 
for and cope with high temperatures. 

Abbreviations 

IPCC: Intergovernmental panel on climate change; CDC: Center for disease 
control and prevention; CMS: Chronic mountain sickness; HTCI: Human 
thermal comfort index. 



Bai et al. Environmental Health 201 3, 12:71 Page 11 of 1 1 

http://www.ehjournal.net/content/1 2/1/71 



Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

LB, QL and AW designed the study and supervised the data. LB and AW 
analyzed the data and wrote the paper. C, P, D, X, B and D contributed to 
organize field works, data collection and interpret the results. XL, SS, FW, LZ, JX, 
XL, HW and BY participated in the questionnaire survey. QL had the overall 
supervision of the project. All authors read and approved the final manuscript. 

Acknowledgement 

This study was supported by the National Basic Research Program of China 
(973 Program) (Grant No. 2012CB955504). 

Author details 

Collaborative Innovation Center for Diagnosis and Treatment of Infectious 
Diseases, State Key Laboratory for Infectious Diseases Prevention and Control, 
National Institute for Communicable Disease Control and Prevention, 
Chinese Center for Disease Control and Prevention, 155 Changbai Road, 
Changping District, Beijing 102206, P. R. China. 2 Tibet Center for Disease 
Control and Prevention, 21 Linkuo North Road, Lhasa 850000, Tibet, P. R. 
China. 3 School of Population Health, University of Auckland, Private Bag 
92019, Auckland 1 142, New Zealand. 4 Center for Health Management and 
Policy, Shandong University, 44 WenhuaXi Road, JiNan 250014, Shangdong, 
P. R. China. 5 Climate Change and Health Center, Shandong University, 44 
WenHua Road, JiNan 250012, Shangdong, P. R. China. 

Received: 30 March 2013 Accepted: 25 August 2013 
Published: 27 August 2013 

References 

1. Hemon D, Jougla E: The heat wave in France in August 2003. 
Rev Epidemiol Sante Publique 2004, 52:3-5. 

2. Pengelly LD, Campbell ME, Cheng CS, Fu C, Gingrich SE, Macfarlane R: 
Anatomy of heat waves and mortality in Toronto: lessons for public 
health protection. Can J Public Health 2007, 98:364-368. 

3. IPCC: Fourth assessment report, Intergovernmental Panel on Climate Change; 2007. 

4. Basu R: High ambient temperature and mortality: a review of 
epidemiologic studies from 2001 to 2008. Environ Health 2009, 8:40. 

5. Yu C, Zhang Y, Claus H, Zeng R, Zhang X, Wang J: Ecological and 
environmental issues faced by a developing Tibet. Environ Sci Technol 
2012, 46:1979-1980. 

6. Chen G, Wu T: Responses of permafrost to climate change and their 
environmental significance, Qinghai-Tibet Plateau. J Geophys Res 2007, 
112:F02S03. 

7. Fan JW, Shao QQ, Liu JY, Wang JB, Harris W, Chen ZQ, Zhong HP, Xu XL, 
Liu RG: Assessment of effects of climate change and grazing activity on 
grassland yield in the three rivers headwaters region of Qinghai-Tibet 
Plateau, China. Environ Monit Assess 2010, 170:571-584. 

8. Liu X, Chen B: Climatic warming in the Tibetan Plateay during recent 
decades. Int J Climatol 2000, 20:1 729-1 742. 

9. Du J, Yang ZG, Shi L, Ma PF: Climate change characteristics of cold and 
warm winters in Tibet in 50 years. Acta Geographica Sinica 201 1, 
66:885-894 [In Chinese]. 

10. Zhu G, Pubu CR, Liu WD: Study on urban heat island effect and its 
influencing factors in Lhasa city, Tibet. Environmental Monitoring in China 
2010, 4:59-67 [In Chinese]. 

1 1 . Kalkstein AJ, Sheridan SC: The social impacts of the heat-health watch/ 
warning system in Phoenix, Arizona: assessing the perceived risk and 
response of the public. Int J Biometeorol 2007, 52:43-55. 

12. Akerlof K, Debono R, Berry P, Leiserowitz A, Roser-Renouf C, Clarke KL, 
Rogaeva A, Nisbet MC, Weathers MR, Maibach EW: Public perceptions of 
climate change as a human health risk: surveys of the United States, 
Canada and Malta. Int J Environ Res Public Health 2010, 7:2559-2606. 

13. Alberini A, Gans W, Alhassan M: Individual and public-program 
adaptation: coping with heat waves in five cities in Canada. Int J Environ 
Res Public Health 201 1, 8:4679-4701. 

14. Haque MA, Yamamoto SS, Malik AA, Sauerborn R: Households' perception 
of climate change and human health risks: a community perspective. 
Environ Health 2012, 11:1. 



15. Sheridan SC: A survey of public perception and response to heat 
warnings across four North American cities: an evaluation of municipal 
effectiveness. Int J Biometeorol 2007, 52:3-1 5. 

16. Harlan SL, Brazel AJ, Prashad L, Stefanov WL, Larsen L: Neighborhood 
microclimates and vulnerability to heat stress. Soc Sci Med 2006, 63:2847-2863. 

1 7. Bedsworth L: Preparing for climate change: a perspective from local public 
health officers in California. Environ Health Perspect 2009, 1 17:61 7-623. 

18. Maibach EW, Chadwick A, McBride D, Chuk M, Ebi KL, Balbus J: Climate 
change and local public health in the United States: preparedness, 
programs and perceptions of local public health department directors. 
PLoS One 2008, 3:e2838. 

19. Hansen A, Bi P, Nitschke M, Pisaniello D, Newbury J, Kitson A: Perceptions 
of heat-susceptibility in older persons: barriers to adaptation. 

Int J Environ Res Public Health 201 1 , 8:471 4-4728. 

20. Strand LB, Tong S, Aird R, McRae D: Vulnerability of eco-environmental 
health to climate change: the views of government stakeholders and 
other specialists in Queensland. Australia BMC Public Health 2010, 10:441. 

21. Chaudhary P, Bawa KS: Local perceptions of climate change validated by 
scientific evidence in the Himalayas. Biol Lett 201 1, 7:767-770. 

22. Barnett AG: Temperature and cardiovascular deaths in the US elderly: 
changes over time. Epidemiology 2007, 18:369-372. 

23. Vandentorren S, Bretin P, Zeghnoun A, Mandereau-Bruno L, Croisier A, 
Cochet C, Riberon J, Siberan I, Declercq B, Ledrans M: August 2003 heat 
wave in France: risk factors for death of elderly people living at home. 
Eur J Public Health 2006, 16:583-591. 

24. Diaz J, Linares C, Tobias A: Impact of extreme temperatures on daily 
mortality in Madrid (Spain) among the 45-64 age-group. Int J Biometeorol 
2006, 50:342-348. 

25. Hulme CW, Ingram TE, Lonsdale-Eccles DA: Electrocardiographic evidence 
for right heart strain in asymptomatic children living in Tibet-a 
comparative study between Han Chinese and ethnic Tibetans. 

Wilderness Environ Med 2003, 14:222-225. 

26. Wu TY, Ding SQ, Liu JL, Yu MT, Jia JH, Chai ZC, Dai RC, Zhang SL, Li BY, Pan 
L, Liang BZ, Zhao JZ, de Qi T, Sun YF, Kayser B: Who should not go high: 
chronic disease and work at altitude during construction of the 
Qinghai-Tibet railroad. High Alt Med Biol 2007, 8:88-107. 

27. Wu T, Miao C: High altitude heart disease in children in Tibet. 
High Alt Med Biol 2002, 3:323-325. 

28. Heritage Z, Wilkinson RG, Grimaud O, Pickett KE: Impact of social ties on 
self reported health in France: is everyone affected equally? 

BMC Publ Health 2008, 8:243. 

29. Seeman T, Glei D, Goldman N, Weinstein M, Singer B, Lin YH: Social 
relationships and allostatic load in Taiwanese elderly and near elderly. 
Soc Sci & Med 2004, 59:2245-2257. 

30. Giles LC, Glonek GF, Luszcz MA, Andrews GR: Effect of social networks on 
10 year survival in very old Australians: the Australian longitudinal study 
of aging. J Epidemiol Community Health 2005, 59:574-579. 

31. Perry RW, Lindell MK: Aged citizens in the warning phase of disasters: 
re-examining the evidence. Int J Aging Hum Dev 1997, 44:257-267. 



doi:1 0.1 1 86/1 476-069X-1 2-71 

Cite this article as: Bai et al.: Rapid warming in Tibet, China: public 
perception, response and coping resources in urban Lhasa. 

Environmental Health 201 3 1 2:71 . 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



